MATERIALS AND METHODS
Samples used in the present study were allocations of the same samples used in the previ ous report concerning 13112) , and the methods of this study were essentially the same as those used in the previous one.
Rain water and dust particles in air have been routinely sampled at our laboratory . Particles (<10µm) suspended in air were collected on a glass filter paper using a high volume air sampler (Shibata HVC-1000, Tokyo). The flow rate of the sampler was 1m3 min-'. The air volumes sampled were 1400 to 9950m3. After the Chernobyl accident , rain water which included dry deposits was sampled daily from May 7 to 17. Radionuclides from the accident were first detected in rain on May 7. From May 17 to June 9, samples were collected at 2-10 d intervals .
Samples of spinach, and Brassica Rapa var. pervidis (Komatsuna , in Japanese), and edible wild grass Laportea macrostachya (Miyamairakusa, in Japanese), were purchased at a market in Akita City. After washing them with water, the edible portions of the plant samples were packed in plastic cases. Five of these samples were collected from May 16 to June 5, and both the unwashed and washed portions were packed in plastic cases . Four spinach samples, one Brassica sample, and three Laportea samples obtained from May 7 to May 14 , and on June 5, were cooked, then examined for effects. After washing with water , a portion of the sample (100g wet) was placed in 1 L boiling water, boiled for 2 min, then dipped in 1 L of cold water. The washed and boiled samples were packed spearately in plastic cases .
Gamma-emitting radionuclides in the samples were determined by gamma-ray spectrometry using a multichannel analyzer (Canberra 8100) and a Ge(Li) semiconductor detector (Canberra 7229). The first measurements were performed from May to June 1986 . Since there were numerous samples for measurement, each measuring-time for most of the samples was relatively short, typically 100-200 min. These measuring times were not sufficient for accurate determina tions of the long-lived radionuclides in either rain or vegetable samples . Portions of these samples were measured again for 1400-2800 min from January to August 1987 . At the times of these measurements, detectable radionuclides released from the accident were 134Cs and 137Cs . Most of the vegetable samples were ashed in electric furnaces for 24-48 hr at 450°C after the initial measurements. The ached samples were packed in plastic cases , and used for the second measurements. Unfortunately, some of the vegetable samples were discarded after the initial measurements. In such cases, results of the initial measurements were used .
RESULTS AND DISCUSSION
It is anticipated that the decontamination ratios of radionuclides determined by washing and cooking will be influenced by the routes of contamination. The vegetable samples might have been directly contaminated by radionuclides in air and by deposition , since radioactivity in the vegetable samples rapidly decreased with decreasing radioactivity in the air and in depos its.
The concentrations of 103 Ru and 137 Cs in dust on air filters at the sampling times are shown in Figs. 1 and 2 , respectively. Radionculides from the Chernobyl reactor were first detected in dust collected on an air filter from May 2 to 4. Two major peaks of radioactivity are observed in Figs. 1 and 2 . The first peak occurred from May 4 to 6; the second peak, from May 8 to 9. After May 9, the radioactivity of both nuclides rapidly decreased. From May 10 to June 1, there were three minor peaks. Rainfall is indicated by reverse triangles in both figures. The radionuclides in the air appeared to have been washed out by rain. The ratio of 103 Ru/ 137Cs corrected to the date of the accident (April 26) is shown in Fig . 3 . This shows that most of the early ratios are from 2.0 to 3.0. The ratio rapidly increased after May 21; at the last 103 RU peak concentration . and thereafter. This increase in the ratio might have resulted from a faster clearance of 137Cs from the air than that of 103Ru, and/or because of different release patterns of these radionuclides emitted from the reactor. Jost et al. reported the distribution of sizes of radionuclides in air in Switzerland'). According to their report, the size distribution of 137Cs was similar to that of 103 Ru on May 6th . The 103 Ru, 134Cs, and 137Cs concentrations in rain water, including dry deposits at the sampling times are shown in Table 1 . The parentheses in the tables of this report indicate values which were lower than the detectable limit. Maximum concentrations of these radionuclides were detected from May 7 to 10. The depositions of radionuclides at the sampling times are shown in Table 2 . A total of approximately 0.47 kBq m 2 137 Cs was deposited from May 6 to June 9. The ratio of the total of 103 Ru/13'Cs for the sums of the depositions were 1.2 ± 0 2 at the sampling time, and 1.7 ± 0.3 corrected to the date of accident. The ratio on the date of the accident was lower than the ratio in dust suspended in air. Table 3 shows concentrations of 103 RU, 134 Cs, and 137 Cs in samples of leafy vegetables and edible wild grass which were washed in water. The concentrations of these radionuclides were relatively low in spinach samples collected up to May 12, and they increased significantly after _ May 14. The concentrations in Brassica Rapa var. pervidis (Komatsuna) and Laportea macrostachya (Miyamairakusa) samples collected on May 7 were also relatively low. In the case of 1311, high concentrations were observed in samples collected from May 7 to 122). The reason for the discrepancy between values for 131 I and other radionuclides is not known. The ratios of radionuclide contents in washed spinach samples to those in unwashed spin ach are shown in Table 4 . The ratios of radionuclide concentrations in boiled spinach and Laportea samples to those in washed samples are shown in Table 5 . The concentrations of the radionuclides in a boiled spinach sample collected on May 7 and those in Brassica were lower than the detectable level; therefore, data for these samples are not shown in Table 5 . Since the decontamination ratios were obtained using different portions of the samples, part of the varia tion in the ratios was due to lack of uniform distribution of radionuclides in the samples.
As shown in Table 4 Although the mean ratio for Cs isotopes was lower than that for 103 RU, the difference was not statistically significant. Table 6 . The decontamination ratio for 1311, which has already been published'), is also shown in Table 6 .
Approximately half the 103Ru in vegetables was lost because of washing and boiling. The decontamination ratios for 134 Cs and 137Cs were similar. The 137Cs content in boiled vegetables decreased to 34% of that in unwashed vegetables. The previously established decontamination ratios of 1311 were observed to be between those of 103 Ru and 137 Cs. Although the ratio for Cs radioisotopes obtained in this study is lower than the 0.5 value used by the Nuclear Safety Commission, Japan, 0.5 is considered a good approximation, and a conservative estimate.
Since the samples used in the present study were contaminated in their natural environ ments, the decontamination ratios obtained using them are valuable for estimating the doses of radionuclides released from the Chernobyl reactor. They may also provide important infor mation for hypothetical or real accidents involving other nuclear reactors. This is especially important since it relates to food consumption.
